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Abstract

A PIG discharge, designed for the pro-
duction of multiply charged ions for pperation
in the Berkeley SuperHILAC 3-MV injector
and operating in a magnetic gap of 5.8 em
at 2000-4500 gauss, has been studied in con-
junction with and inseperable from a 1230
analyzer. Results here reported were made
with a test magnet. Analyzed ion beams have
been rendered by varying beam energy, and
magnetic field of both analyzer and source.
Inert gaseous ion ylelds are reported, as
are . the ion source arc characteristics. A
fast pulsing gas valve is also described.

Effort has been directed towards the
ionization of solid materials to a charge to

T.2pA of gold;o+ and

mass ratio of > 0.0k,
at least 11uA ofvgermanium$g has been

analyzed and measured.

1., Introduction

Recent work at the SuperHILAC source
test facility has been directed toward the
making of a germanium ion beam. The ion
source and 3-MV terminal for the SuperHILAC
is described in reference l. Ions to be
accelerated will have a charge to mass ratio
(e) of > .O46, and the source runs at about
24% duty factor. A sputtering type of atomic
particle feed, an attractive approach for

pulsed sources, was selected2’3) for german-

. .
Work performed under the auspices of the
U. S. Atomic Energy Commission.

ium and other solid materials.

Iimits on the amount of power consumed
in the 3-MV terminal were imposed at an early
date.
field uses 2400 watts and weighs 480 lbs. A

The terminal source magnet at full

bending radius of 14 cm. with a turning angle
of 129° and a magnet exit (effective) field
edge-angle of 320, provides for sufficient
charge state separation after analysis. A
AF/E of about 3% given a 1.3 cm aperture is
realized with this geometry.

Results reported here were made with a
test magnet differing magnetically in small
degree from the magnet used and reported on
in reference lu). The compact 840 Hz elec-
troniecs for the 3-MV terminal source ﬁere not
used, nor were the two cold fingers that
cryopump the terminal>vacuum system.

The magnetic field on the source axis
is designed to exceed 4000 gauss at optimum
running conditions and at lowest acceptable
charge to mass ratio, This limit serves to
minimize the ampere turns requirement of
the magnet. Observe that this is a 'low
field magnet' since at higher charge to mass
ratios and modest extraction potentials (U),
source fields are singularly low. [For
example: with an € of .058, U = 12KV; B
(source) = 2700 gauss. ]

Emittance measurements have not been
mede for the metallic beams reported here.

Prior results with argon show an axial and



radial area of 20x and 31w cm-mrad (90%
contour) respectively at the entrance to the
(U = 16 XV).

Beam currents (Im) will be reported as

accelerating tube.

electrical current and will be for peak
values. Beams are measured in a large fara-
day cup (with magnetic trapping) at close

to the radial focal point of the beam. See
fig, 1. Ion species are separable only with
tight collimation proceeding this cup. The
magnetic field in the analyzing geap is swept
through a range of from 3800 gauss to 7800
gauss. By necessity the field on the source
axis (~ 0.6 x B, analyzing gap) follows this
change. Arc characteristics begin to
appreciably alter when fields in the magnet
drop below 4500 gauss (2700 at source).

See fig.

Further discussion is forthcoming.

XBL727-3596

The plan view shows: 1) ion source; 2) leak
valve; 3) two 6" @iffusion pumps; U4) step
in the magnet pole from 7.4 cm. gap on the
ion source side to 3.6 cm. gap; 5) extractor;
6) calorimeter; 7) 15 junction thermopile;

8) ion gauge; 9) 4% x4Omm collimator;

10) 13 x50mm collimator; 11) faraday cup.

Figure 1

Tull coverage of the € range necessitates
operating at low fields for the higheét charge
states, and in some cases a change in beam

energy. An attempt to hold the ion flux from

-2~

the plasme constant was effected by adjusting
the anode to extractor gap (d) for constant
space charge limited conditions as derived

by Chavets). A gap gradient of 100KV/em at
20KV is considered a productive, practicable
gradient.
gradients vary from T7KV/em (U = TKV) to
104KV/em (U = 24KV) for a derived angle of

Following this condition, actual

convergence of from 8O to 9.70 respectively.

When beam energy was altered, the extract-
or position across the slit was tuned for
maximum ion current with minimum collimetion
downstream. Slight adjustments were always
required for differing potentials and also
with the passege of time. Gas flows and arc
currents were kept constant during any scen
of source productivity, unless otherwise
noted.

The average charge state of an ion source

iz IElo’cal / ITotal.

Ii = measured peask current in pA, of charge

output is defined as:

state n, In = particle current in pA. Ig =
IE n and Tg = Iﬁ x 10-6/£e = peak particle
flux . IE igs measured by reading the_
separate peak currents passing through a
slit collimator. In cases where Ip could
not be measured for all values of n, these
particle currents were estimated from a plot
of Ig and verified by changing extraction
potential under the constant ion flux
condition mentioned above. An integration
of these peaks is meaningless, since the
beam is being swept across a fixed slit.
Collimator size therefore becomes an
important performence parameter.

Two collimator sizes are used herein,
the small 4 x 4Omm slit as an aid in identify-
ing ion species, the larger 13 x 50mm to
estimate, yet separate.peak ion currents
that could be achieved without collimation.
This larger collimator was chosen to allow
the light and medium weight ion species to

be separated from each other. When both



collimators are removed, beam levels for the
easily separated isotopically pure ions are
approximately twice as high then when the
larger 13 x 50mm slit is used. The state of
collimation therefore will always be reported.
Reslize that distortion from 180° analyzer
data is evident due to l) the changing angles
of convergence through the extractor caused
by varying (extractor anode gap (d),

2) neutralization and beam blow-up through
the analyzing magnet, and 3) varying, some-
times marginal, field conditions on the
source axis. In spite of these limitations
the practical nature of the results warrant

statement.

2. Source Design & Description

It can be pointed out now, as supple-
mentary information to ref. 1 that the re-
cessing of the cathodes into the pole pieces,
while causing a bowing of the magnetic field

lines in the cathode vicinity, does not seem

to appreciably deter the beam productivity
of argon, up to Ar +. Tests were run with
three conditions of cathode penetration
(zero, .35, and .7 cm). Deeper penetration
has yet to be explored. See fig. 2. The
anode now in use is made from copper and is
freon cooled to minimize hydrogen loading of
the cryopumped terminal vacuum system. The
bore of the anode may be cleaned from sputtered
cathode material with a tapered reamer and a
dental sandblaster. A removable window plate
is incorporated and penetrates the plasma
0.2 mm. A window size of 8 mm x 1.25 will be
used unless otherwise noted.

The test magnet is pumped differentially
by two 6" oil diffusion pumps. Speeds of 500
4/sec (air) are measured at about the center
of rotation of the magnet analyzer. A

simple needle valve controls the gas flow

which is monitored by a commercial instrument.

View of cathode vicinity after running. Quartz ring spacing insulator coated with tantalum.
Cross section of cathode and immediate vicinity shown at left. 1) anode; 2) tantalum cathode;
3) heat shield; steel cathode boat, shaded area shows cross section of tantalum build-up after

running.

Figure 2



No effort has been made to halt secondary
electrons created at the extractor from
reaching the ion source. Optimum performance
is obtained when some ions from the anode
window strike the 'outside'! jaw of the ex-
tractor as evidenced by a sputtering wear
pattern. A vertical divergence pattern of
i9o is engraved on the extractor jaws. Long
'dee' plates extend into the analyzing gap
and generate a field free region for the beam
to pass through.

V) 4

S Y
ft//

Drawing at right
shows sputtering
electrode in

j

|
place. Extractor ﬁ\\i\\ ! _’ E i
jaws visible at {ff/’/ T T

left. Above
drawing shows
modified german-
ium electrode.
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Figure 3

The sputtering electrode is biased negatively
with respect to the plasma potential with a

1 KV, 0.8 amp DC supply, and is in series
with a 100 ohm current limiting resistor.

The electrode is spherical in shape so as to
maximize the surface area adjacent to plasma.
This therefore allows sputtered material
to be recycled, in as much as the escape
area from the ball represents but three
quarters the total surface being sputtered
(1.9 cmz). The ball electrode lies directly
behind the anode window (see fig. 3). When
feasible a freon cooled copper stem is

soldered to the material to be sputtered.

[

Germanium proved to be a challenging element
to cool since it is easily fractured when
under heat shock+. Consequently, only a
section of full ball would hold together when
sputtered by the arc. See fig. 3. One half
the working area of a full ball electrode,
and an unfavorable trapping geometry, must be

accepted.

4. Operation
This pulsed ion source runs in its positive

resistance mode with maximum available voltage
(4.5KV) until the power consumed causes the
cathodes to emit electrons thermionically and
makes possible operation in the high current,
negative resistance mode. (Supranormal gas
flows and magnetic field aid in rapid striking
of the arc). The gas flow may then be lowered,
and, typically runs between 0.03 to 0.15 cc/
min. For metallic ion production it is
essential to operate at minimum flow. Care
must be taken to quickly supply this arc
with greater gas flow should accidental sub-
minimal flow be assumed. Test stand gas
flow adjustments were made by hand but for
terminal operation, a gas control system is
described in the Appendix. An alternative
method for striking the arc is to raise the
duty factor of the applied potential across
the arc. For example, at 32% duty factor with

but 2KV across the arc, it will just develop
enough power in the arc to strike same. Once
struck the duty factor can be lowered as a

means of increasing the arc potential (V),

+As molybdenum has a coefficient of expansion
close to that of germanium, a cooled molybdenum
stem was first lapped to close fit a single
crystal germanium ball, flash coated with 500
AO of palladium, and then recoated with about
2 microns of gold. After heat treating same
to 800° C, a 30 micron gold foil was sand-
wiched between molybdenum and germanium6 and
then raised in temperature to about 380° C

so as to slightly exceed the 350O C eutectic
of germanium/gold.



for best multiply charged ion output. Of
course balanced against this are the benefits
of increased duty factor. Longer cathode
1ife at lower duty factors is not insured
since greater arc potential (V) leads to
greater sputtering rates. (An interesting
empirical formula for this rate is given

by Pasyuk6) for tungsten). Given the cathode
geometry shown in fig. 2, a 24% duty factor
gives us proper cathode emission and a sat-
isfactory range for a 2=4 amp current regulated

Tantalum ca.thodesJr

supply. are at present
4000 1 T T T T
5 2000F  \mor ]
§ |600t. 0.045 cc/min (STP),
> IZOO' Vovg' i
€ 800 ¥
g
400 l , .
1 ! 1 |
610 2760 3880 4950
2180 3330 4420

Magnetic field (gauss)
XBL728-3745

3 amp Krypton arc (24%). Magnetic field
measured on centerline of source axis.
Vpax = peak arc potential at beginning of
pulse. Vgyg = average arc potential.

Figure 4

used and give us an eight hour lifetime
with a 2.4 ampere, 24% arc; about 0.53 gms/
hour builds up on the anode as shown in

fig. 2. Curves showing arc potential as a

1-’l“i’canj.um cathodes can be used to real ad-
vantage for lower duty factor, cold cathode
operation, providing they are soft soldered
to the cathode steel boats. A 2 amp, 24%
(1050V) arc msy be run. Up to 4 amp (1180V)
is feasible at lower duty factors (8%). Such
high currents are not available from 'cold'
tantalum cathodes, i.e., operation at say 2
amp at 8% duty factor for longer source life
can only be attained with titanium ( or V,
Ni); not with tantalum or tungsten.

function of magnetic field are displayed in
fig. 4, and while typical, will constantly
change with ion source age, duty factor, arc
current and gas flow! Should Vmax not be
available at the arc, a delay of several
milliseconds will take place during the pulse
before the negative resistance characteristics
set in.

A calorimeter may be pivoted into the
analyzing gap at the pole step position. If
all the ions are collected on the calorimeter,
e With an 80KV/cm
gradient between extractor and anode, 29mA/cm?/

+
can be measured .

amp is a good figure of merit for this source.

T T T T T T T T T T T
10002 .
< |00} -
2 F ]
cE F <
- - =
L \ ]
L \ ]
\
\
L \ J
\
\
|0_— \ =1
= \ 3
C ! ]
C \ ]
1 ]
1 1 1 1 1 1 1

2r 4+ 6r 8+ or I+

Charge state (n)  xBL728-3726
2.4 amp (1200V.) arc about 2W%h. 13.5 x

1.25mm. window. 0.13 cc/min. (STP) argon gas
flow., No collimation extractor/anode gap
1.5mm, U = 21KV Ar = estimated.

Figure 5

TCalorimeter measurements will not yield
average charge i but serves well for measuring
total beam currents (I). Defining duty factor
as To/p where To is pulsed width, T repetition
period, pesk power = measured power/To/p,
measured power (watts) = Tofp £ P = TO?T b}
(nUef%) =Toy I£°tal x 100 “ynlre B = o
power from individually charged species. A
thermopile close to the calorimeter is used to
measure the temperature difference between
ingoing and outgoing water. Equilibrium
readings may be taken within sixty seconds.
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36mA/cm.? Jamp is typical with 120KV/em increase in gas flow. Therefore at U = 21KV,
gradient given the anode window area in cmz ions of greater charge than Arh+ cannot be
and arc current in amps. These measurements depended upon.

were taken at the outlet of the source dees Tantalum ions are readily taken from
eleven cm. downstream from the source. Prior this arc possibly because the median plane of
measurements show about 20% more current the beam line is but 2.3 cm from the cathodes.
immediately following the extractor. When Results with two gas flows are shown in fig.
the gradient is scaled (following Chavet's 6, using the 13x50mm. collimator. g = 6.5
derivation), ion current remains constant for this lowest allowable flow rate condition.
to within a few percent. About a quarter of Notice that while tantalum appears to dominate
the extractor power supply current drain the arc, in fact 90% of the particles that
appears due to secondary electron loss to leave the source are gaseous argon. Fig. T
the ion source for potentials greater than shows tantelum output as a function of arc

U = 8KV. Since Igétal does change with gas current.

flow, T should mention that these figures of The isotopes of krypton and most of
merit are taken at minimum gas flow. those of xenon may be separated with the

LhxhOmm collimator slit. The yields of Kr
5. Performance 8l

are given in fig. 8. In the cas
The SuperHIIAC will accelerate ArZ . A & & ©

and Xe129

. 3 . of krypton it is possible to sum the
one amp cold cathode arc will suffice. Fig.

. " individual isotopes for a total krypton beam.
5 illustrates the best uncollimated beams of

The average charge q for k ton is 2.3 an
argon that can be expected to date. ITOJDal & Be 4 oiE B 3 5
m 1 e+l’2+)

- +
- for xeno = 2. xtrapolati K X
~ 5.5 mA of argon, q ~ 2.1. A top gradient % 3 {emtiaps =ik e @
of 138KV/cm is employed. 12 ma/cm?/amp of

argon ions leave the analyzer magnet, about

Bear in mind that the shape of these perfor-
mance curves will change. The greater the

extraction potential, the less favorable or
30% of +the measured beam at the extractor. R ? €

larger will appear the cha tate ratios
Ar8+ was analyzed with but 1900 gauss on the = EReat b B &

source axis. As the arc ages and for reasons oo————————— "
not understood, the arc sometimes will not L K
run below 2400 gauss without inordinate i ‘\\\\\\ ]
LT\ ——0.06 cc/min(STP) | - Tantalum \N¢ \ D 1
A \\ ——0.03 cc/min (STP) 5 B
- ; i < |0 ) =
ArgonE/ \ 3 F AN ]
_ 100F e 1 % :
>t . M . F A-12 amp 2.2 KV 1
= [ antaiom Y ] - B-20amp 1.05kV .
P C-3.0 amp 0.95kV
I 7 \.\ \ i |~ D-4.0amp 0.80 kV —
o 7 N . P, e e e soa s o
o ] 2 4 6 8 10 12
5 i . i Charge state (n)

2+ 4+ 6+ 8+ 10+ 12+

Charge state (n) xsL728-3720
3 amp, 24% argon arc, U = 12KV, 100KV/cm
gradient. 13x50mm collimation.

XBL728-3723

Argon arc about 24%. U = 11KV, 100KV/cm.
LxlOmm collimation. Gas flow unrecorded.

Figure 6 Flgmes



even though beam levels rise, since the lower
charge states will experience greater loss
from space charge blowup at low energy in the
analyzing magnet.

The metallic ions are optimized by
varying the potential between sputtering
eléctrode and anode, (AV). A full size gold
ball electrode is illustrated in fig. 9 with
the window plate removed. Approximately LO%
of the sputtered gold may be salvaged from this
window plate, the remaining material depositing
above and below the ball or lost in the beam.
The internal diameter of the electrode
increases in diameter at about Uu/minute (AV =
250V, 2.8 amp, 24% arc). At this rate the
gold should last about fourteen hours.

Tantalum will rapidly cover the inner surface
of this electrode when this surface is not
being sputtered. A factor of two increase
in the lower charge states of tantalum is
noticed when AV < 50 volts.

The relation between gold ion yield and
AV has been explored with gold and is shown in

fig. 10, All parameters except magnetic
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2.9 amp arc at 24%.
LxhOmm, collimation.
KI’+1, Xe+l,
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Gas flow unrecorded.
Xelt estimated.

Figure 8

Gold electrode

Ion source, less extractor.

in place. Figure 9
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U = 12KV, 120KV/em. 0.03cc/
13x50mm collimation.

3 amp arc at 24%.
min argon, (STP).

Figure 10



T T T T T T T T

A-0.03 cc/min (STP)

I0OF J\ N, B-0.06 cc/min (STP)3
\

(e A)

n
m
I|I|III

I

0’
e o ]

T

»A ]

I 1 ! ! ! L 1 1

2+ 4t 6r 8+ o+ 12+

Charge state (n)
XBL728-3724

U = 12KV, 120KV/cm.
13x50mm

3 amp argon arc at 24%.
AV ~ 110V, Ig = 0.6 amp * O.1.
collimation.

Figure 11

field were kept constant. Argon and tantalum
production vs. AV are displayed in light line.
(Data presented in fig. 6 was taken simul-
taneously with that of fig. 10 but with

AV = 0).

parameter effect on metallic gold ion yield.

Fig. 11 shows the support gas flow

Notice that the apparent charge state ratios

of tantalum and gold are uneffected by this

pressure change.
10+ .,

for best gold yield.

q for gold = 2.6.

The parameters are tuned
Estimating Au e 2+
Approximately equal
numbers of gold and argon ions leave the
source.

Extraction potentials have unfortunately
been limited to values less than 16KV since
a voltage breakdown problem has not yet been
solved on the cooling lines of the sputtering
electrode. Improved beam levels are expected
with greater extraction energy. The arc
current effectsthe yield of gold in a manner
shown by the curves for tantalum seen in fig.
T, but to a lesser degree. Greater arc
currents require a slightly greater potential

difference between anode and electrode. Gold

Begining

/ pum
End pulse

40 80 I20 IBO 280

~ 1.0} .
"
a O ——O
E 0.8 e .
e -
w 0.6 g——0 0 -
H , /
0'4_5’ Two hours later ]
0.2 -

| ] | | | ] ]
0O 50 100 150 200 250 300 350
AV (volts) — ==
XBL727-3684
Sputter electrode bias vs. electrode current.

Insert illustrates voltage/current changes
with time.

Figure 12

beams appear to be optimized when AV = 110V.
Figure 12 shows (at three amperes arc current)
electrode current (Is) -vs- AV electrode volts.
Is reaches a near constant value that is set
by the surface area of the electrode, the
sputtering yield, and the distance between
this surface and the active plasma. In
truth AV given here is an average value,
varying as shown on the insert of fig. la.
In time, these curves uniformly drop in
amplitude creating a family of curves. A
slight increase in AV is believed to be
required as time passes for optimum gold pro-
duction. In any event, gold beams decrease
steadily in time to about 50% maximum value
during the lifetime of the tantalum cathodes.
Niobium ion output is shown in fig. 13.
The niobium electrode is a full ball as with
gold. The output of niobium has not been
optimized due to current limitations of the
sputtering supplye.
called for.

A greater AV might be
q for niobium is 2.4; for argon
with sputtering on and off, 1.7 and 1.9

respectively. About equal amounts of the

¥
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Figure 14

arc at 24%., 16KV, 100KV/cm.
AV = 700V, I, = 0.3 amp 0.5ce/min. (STP).

metallic and gaseous ions are present in the

Whether sputtering is on or off, ITO'tal

beam.
- 2.9mA (.34mA of Ta). About 12.5mA/cn’/amp
of ions leave the magnet; a figure of merit
for source and analyzer. 'Nb+l is estimated
from a lower energy run. '

The SuperHILAC will accelerate.germgniumgg.
Beams of 2.8 particle microamperes (peak)
have been sébarated and measured from nafural'
material using argon as a suﬁport gas-aﬁd '

the smaller 4 x 4Omm. slit. Separated Ge

76

Total) nay
A change to the larger

and a summing of all isotopes (Ge
be seen in fig. 1h.
collimator alters total beam levels as shown,
but can only approximate actual beam currents
since all the isotopes of germsanium are not
separated.
is 2.2.
Due to the tendency of this material to

The average charge i for germanium

crack from temperature drop across the sides
of the ball, the short modest electrode
shown in fige. 3 was chosen. A AV of 700V
has not yet been exceeded. Optimum perfor=
mance therefore might not have been reached.
The sputtering yield of germanium with 500 eV
argon ion enérgy is half that of gold‘(z.h)T,b
the yield of niobium, 6ne quarter. Conse-
quently it is likely that the greater potential
called for in the case of germanium and niobium,
acts as a reaching out for a specific atom/ i
ion yield that 1s in proportion to the

sputtering yield of the material.
T. Discussion

The importance of excellent vacuum
conditions for multiply charged ion sources
has not been mentioned. Typical operating
pressures are from 5 to 10 x 10" mm Hg.
Charge exchange is an important factor and
must be recognized even at these pressures.
A more detailed discussion may be found in.
ref, 1. - - '

Longer cathode life is sorely needed.



Deeper penetration into the steel cathode
'boats! (fig. 2) will be explored. However
the tight constriction of the anode from
built up tantalum waste would seem to 1limit
this solution's practicability. Operation at
lower duty factors will lengthen life time
providing cathode temperatures may be more
readily reached for secure thermionic emission
‘ Cold

cathode operation, possibly with titanium,

and therefore lower arc potential drop.

will allow the SuperHILAC terminal to lower
gsource duty factor for longer life, high

current operation.

-10=-

cathodes are made from pressed tantalum
powder mixed with gold powder (66% by volume
Tentalum), the following spectrum was re-

A 2 amp 24% arc
After a short

corded as shown in fig. 15.
had 60% normal impedance.
bake~out period, gold ions were extracted
with excellent charge state ratios. The
effect was short lived. Apparently the gold
wicked to the surface before vaporizing and/
or sputtering awey. With exception of small
pockets of yellow colored cathode material,
most of the gold was removed within 15 minutes

of running, following bake-out.

Table 1

+ +
Elementn Argon2

Measured (pA) 1500 (No Coll.) 180 (Lx4o0)

Extrapolated (pA) 800

To 13x50 Coll.

~330

The performance figures, measured and
‘already stated are given in Table 1. XeTotal
is implied from measurements of Xe129' In the
interest of knowledgeable summarization and
realizing possible error in extrapolating
from small to large collimation, i.e., for
Ge, Kr and Xe, the beam levels expected
through 13x50mm collimation are also given
in Table 1. The average charge, crudely
calculated from these data shows a maximum
value for xenon at 2.9 and a minimum for
argon at 2.1, with the exception of 6.5 for
tantalum from the cathodes. Realize that i
will vary with extraction potential and
arc current, and that greater transmission
efficiency in the analyzing magnet should
lower i. Also note that the average charge
of the metallic ions appears to be insensitive
to small changes in gas flow.

An interesting alternative method for
introducing metallic material into the arc

was briefly explored. If the tantalum
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Gold ion yield. Best anode sputter taken
from fig. 1l. Three sets of data were taken
over a 15 minute period for best cathode
sputter. 2.1 amp argon arc at 24%, O.llcc/
min (STP). U= 12KV, 100KV/cm.

Figure 15
A thought comes to mind that the material

to be sputtered away could be encouraged to

wick from reservoir to surface for either the
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cathodes of the arc or sputtering electrode.
Careful temperature control of a porous,
refractory carrier would be required. The
high q for tantalum and implied q for gold
ions from the cathode compares well to the

a of gold from the sputtering electrode. The
close proximity of the cathodes to the anode
window gives this source access to ions that
in a longer source would be lost to the walls

in accelerated fashion.

8. Appendix

A metered amount of gas (10-3cc, STP) may
be dumped into the source within fifty milli-
seconds, upon command, triggered by a detected
abnormal increase in arc potential across the
arc. This gas pulse is stretched out over a
period of about a quarter of a second. The
valve used is made by taking two miniature
solenoids and placing them back to back,
tieing their seats together with capillary
tubing (19mm x 0.13mm, inner diameter) and
then pulsing first that solenoid nearest the

‘source with a 32 volt, 16 millisécond pulse.

See fig. 18. TFor normal gas control we use

a commercially available thermo-mechanical
leak valve, highly suitable for our high
pressure environment since the valve is built
into a small pressurized gas reservoir, but
because of slow response time with this
drawback, when the arc impedance is rapidly
changing and needs to be lowered. Input
pressure to the double solenoid may be as high
as 170 pounds/in2 given the springs supplied
with the commercially availsble solenoid.

If greater pressure is applied, #1 solenoid
will not fully seal. Consequently the input
to #2 solenoid can be connected to the gas
reservolr providing its pressure is below

170 pounds. An open loop servo works as
follows: the detector looking at arc potential
signals for a gas burst with one;or more

counts over an interval of ten since arc

Pressure
gauge —

Thermo |
Mechanicat
Leak valve

and reservoir

Solenoid
valves

() Ton source

XBL727-3594
Block diagram of gas control system.

Figure 16

starvation is first observed by either
potential -spikes, or a sudden permanent
increase in impedance during any pulse. .#1
valve is opened. Several seconds later #2 -
valve opens to recharge the capillary tube,
followed by an incremental ipdreasés,in the ",
leak rate of the thermo-mechanical lesk
valve. - The process continueé until the slow
mechanical leak valve is operating at correct
flow.

Acknowledgements are extended to D. Spence
and W. Hansen for their suggestions and
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
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any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
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